The reason for the severity of soil erosion in Loess Plateau can be attributed to three nonanthropogenic factors: rainfall erosivity, slope gradient, and loess soil. The rainfall erosivity is controlled by the rainfall characteristics. Generally, rainfall characteristics change drastically in space and time. The rainfall erosivity has been investigated using the modified Fournier index (MFI), annual rainfall, and precipitation concentration index (PCI). The study showed a decrease in average MFI by 10%. However, the difference between the MFI in 1960s and 1990s was found to decrease in a large area in Loess Plateau, whereas there was an increase in MFI at the high latitude. The maximum decrease in the rainfall erosivity was higher in the southeast than that in the north and west. The was found to have a trend similar to the MFI, which further indicates that the MFI follows, to a high extent, the annual rainfall trend. The PCI was found to have trend opposite to MFI and . The PCI increased in the north and west and decreased toward the southeast. The average temporal difference in the PCI between the 1960s, and 1990s was two percent.
Introduction
Soil erosion in Loess Plateau, China is a major environmental problem that limiting the area development. The generated sediment is transported by the Yellow River and deposited to Yellow Sea causing various offsite ecological problems. The problem of soil erosion in Loess Plateau received more attention from the government at various levels [1] , such as reforestation of hillslopes and check dams construction. The concentration of rainfall in three months, namely, June, July, and August, coupled with sparse land cover, highly erodible soil, and steep slopes in Loess Plateau made the area highly susceptible for soil erosion. The concentration of rainfall in certain period has a large impact on the magnitude of rainfall erosivity. The rainfall erosivity can be defined as the potential of rainfall to cause soil erosion. The rainfall erosivity is a function of rainfall characteristics and rainfall runoff erosivity [2] . The resulted runoff from a rainfall event is highly dependent on rainfall characteristics. Thus, the soil erosion can be linked directly with rainfall characteristics. The rainfall characteristics are highly controlled by the drop size distribution (DSD) [3] ; however, data related to DSD are rarely available in arid and semiarid regions. In Loess Plateau, the daily rainfall is proportional to the annual rainfall, which indicates that higher annual rainfall means higher rainfall intensity and rainstorm runoff erosivity [2] . This fact makes the evaluation of rainfall erosivity based on rainfall data with relatively coarse time resolution highly reliable for large-scale erosion evaluation.
The rainfall erosivity has been widely evaluated by the Revised Universal Soil Loss Equation (RUSLE) using rainfall and runoff erosivity factor (R-factor). The R-factor can be The number between parentheses is the standard error; is annual rainfall (mm); MFI is modified Fournier index; PCI is precipitation concentration index. a,b Number of data is 1680, and 420, respectively. The exponent between parentheses is the value; is annual rainfall (mm); MFI is modified Fournier index; PCI is precipitation concentration index.
defined as the product of total kinetic energy of storm times its 30-minute maximum rainfall intensity (KE × 30 ), which can be calculated as follows [4] :
where R-factor is average rainfall and runoff erosivity (MJ mm ha −1 h −1 year −1 ); KE is total kinetic energy of single storm (MJ ha −1 ); 30 is the maximum30-minute storm rainfall intensity (mm h −1 ); m is the number of erosive storms at each year; and is the number of years used to obtain the average -factor [4] . According to (1) , rainfall data with half-hour time resolution is required to calculate the R-factor which is rarely available in arid and semiarid regions. Moreover, the calculation of R-factor required rainfall energy measurement which is usually derived from DSD data. Various relationships were suggested to relate the rainfall intensity with KE under different geographical locations and climate conditions [5] [6] [7] . Because of these data requirements, various indices were developed to evaluate the rainfall erosivity using daily, monthly, and annual rainfall data. Daily rainfall data at the rate greater than 9 mm day −1 has been used to evaluate the rainfall erosivity in Loess Plateau [8] . On the other hand, researchers used the summation of half-month erosivity index ( ) method derived from daily rainfall rate greater than 12 mm day −1 to evaluate the annual rainfall erosivity [9] . The is widely used in China to evaluate the erosivity rainfall [9, 10] . The can be calculated as follows [10] : where is half-month rainfall erosivity (MJ mm ha −2 h −1 year −1 ); is effective rainfall for day in one half-month (mm); is number of days in half month. The must be greater than or equal to 12 mm day −1 . The terms and are empirical parameters calculated as follows: 
where 12 and 12 are the average daily rainfall larger than 12 mm and average annual rainfall for days with rainfall higher than 12 mm [10] . The rainfall erosivity can be also assessed using monthly and annual rainfall by employing the Fournier index 11 (Fournier, 1960) . The index has been accepted widely in different locations in the globe as a major erosivity indicator especially under rainfall data scarcity [11] [12] [13] [14] . Moreover, recent development in satellite-borne rainfall data, such as Tropical Rainfall Measuring Mission (TRMM) by NASA, provided data with promising temporal and spatial resolution to be used for erosivity analysis in the near future by applying the Fournier index. The FI also has been used by several researchers to determine the impact of different climate change scenarios on rainfall erosivity [15] .
The aerial extend and topographic nature of the Chinese Loess Plateau is known by the existence of spatial variability in rainfall characteristics and erosivity. Moreover, Zhang et al. [15] reported that the presence of temporal variability in rainfall erosivity is due to climate change. The index has been used to evaluate the spatial and temporal variability of rainfall erosivity on the Chinese Loess Plateau which employs daily rainfall [10] . In this study, the spatiotemporal variability of rainfall erosivity for the period from 1960-2000 in the Chinese Loess Plateau will be assessed using monthly (FI, , EI 30 ) and annual rainfall (MFI) indices. (Figure 1) . The average elevation of the plateau is 1300 m above the mean sea level. The area is covered by loess soil highly susceptible for erosion by wind and water. The climate can be classified as a continental monsoon climate with annual rainfall range between 200 to 700 mm which increases from the northwest to the southeast. Rainfall in the Loess Plateau is concentrated in summer, particularly during June, July, August, and September [10] . The concentrated rainfall, low vegetation cover, high erodible soil, and steep slopes made Loess Plateau area with high potential for soil erosion.
Materials and Methods
Monthly rainfall data set were collected at 84 stations located at Loess Plateau for 40 years starting from 1960 to 2000. Data sets from stations that reported more than 10% missing values have been excluded from this study. Finally, 42 stations out of 84 were selected, and erosivity analysis has been done on these stations (Figure 1) . The data were analyzed using Microsoft Spreadsheet Excel application. The data from the 42 stations were interpolated to generate equal size grids (approximately 1.1 × 1.1 km) using inverse distance weighted (IDW) method. The generated surfaces were analyzed using ArcGIS 9.3. The temporal variability was assessed using the average 10-year rainfall erosivity indices.
Calculations of Erosivity
Indices. The monthly Fournier erosivity index (FI) was calculated using the following [16] :
where FI is Fournier Index; monthly rainfall depth in month; and is the annual rainfall. The modified Fournier index (MFI) was calculated using the following [11] :
where MFI is the modified Fournier index. The MFI indicates the concentrated impact of rainwater on soil erosion. Higher MFI value means higher rainfall erosivity and vis-a-vis. Generally, the MFI range from 0 to 60 is defined as an indicator of very low erosivity, from 90 to 120 as moderate erosivity, from 120 to 160 as high erosivity, and greater than 160 as very high erosivity.
Another factor that affects the erosivity is the rainfall seasonality, which has been assessed usings precipitation concentration index (PCI), was calculated as follows [15] :
where PCI is the precipitation concentration index (%) and the other variables were defined previously. The interpretation on the PCI was carried out as follows: uniform (PCI = 8.3-10%), moderately seasonal (PCI = 10-15%), seasonal (15-20%), highly seasonal (PCI = 20-50%), and irregular (PCI = 50-100%).
Results and Discussion
3.1. Temporal Pattern. Table 1 shows the average , MFI, and PCI for 42 selected stations in the Loess Plateau. The average calculated from 40-year data was 417.54 mm. The temporal and spatial average variation in the was less than 6%. The minimum in Loess Plateau was 143.01 mm found on the northwest where the maximum rainfall was 618.16 mm found on the southeast of the Loess Plateau. This result indicates that the maximum variation in the rainfall is more than 113% compared with 6% when compared with the average variation. This result emphasizes that the precipitation of Loess Plateau has a high variability in and it has subsequent impact on rainfall erosivity. The ten-year average showed general decrease in . Comparing the in 1970s, 1980s, and 1990s with annual rainfall in 1960s, the showed decrease in 1970s, 1980s, and 1990s by 7.8%, 6.3%, and 13.9%, respectively. Although there was a noticeable general decrease in , the rainfall in 1980s showed little increase compared to in 1970s (Table 1 ). The MFI was found to follow the same decreasing trend compared to 1960s average MFI (Table 1) . Similar results on the deceasing of annual rainfall and half-month erosivity index ( ) by 10 and 15%, respectively, have been reported [10] . The MFI was found to decrease by 6.1, 7.8, and 11.9% during 1970s, 1980s, and 1990s, respectively. Referring to these MFI results, the rainfall erosivity in Loess Plateau can be classified in the range between low and moderate erosivity [14] . The maximum and minimum MFI was 32.88, and 111.57, respectively. The PCI% was approximately constant (19.8%) which indicated that the rainfall in Loess Plateau follows a seasonal pattern without changes during the study period. The maximum and minimum PCI (%) was 27.74 and 15.77%, respectively, which is between moderate and high seasonality. The had significant positive correlation with the MFI and the correlation coefficient was 0.94 ( < 0.001), as shown in Figure 2 . On the other hand, the had significant negative correlation with the PCI% and the correlation coefficient was −0.78 ( < 0.001) (Figure 3 ). The MFI was found also correlated negatively with the PCI% and the correlation coefficient was −0.57 ( < 0.001).
Spatial Pattern.
The increases from west to east directions, and decreases from the south to the north ( Table 2) . The was correlated positively with the longitude (0.35, = 0.02) and negatively with the latitude (−0.68, < 0.001). The distribution of rainfall inside the Loess Plateau is controlled by the advance of the southwest equatorial air mass (tropical monsoon) against the polar frontal zone [17] . The MFI was correlated positively with the longitude (0.56, < 0.001) and negatively with the latitude (−0.45, = 0.002). On the other hand, the PCI% was correlated negatively with the latitude (0.89, < 0.001). The impact of altitude on , MFI, and PCI% was found insignificant because of the change of altitude negatively with longitude and positively with latitude. This effect works in the opposite direction of the effect of the wet air mass flow (monsoon rainfall). Figure 4 shows the average , MFI, and PCI% spatial distribution. The spatial pattern showed high agreement with the statistical analysis discussed above. The rainfall parameters have been found to change with the latitude clearly and slightly with the longitude. The MFI was found in agreement with the distribution reported by [10] . The advantage of the MFI is that it was calculated using monthly rainfall data when compared with which is calculated for daily rainfall.
Erosivity Spatiotemporal Variability.
In the previous two sections, the spatial and temporal changes of rainfall parameters ( , MFI, and PCI%) were demonstrated. The complexity of rainfall variability in space and time suggested the employment of the mapping techniques in order to develop results readily applicable for soil erosion models. The spatial and temporal changes in are shown in Figure 5 . The was found to decrease from northwest to the southeast with decreases in the areas covered by the darker colors and expansion of the area in light color in the north. This trend was also observed in the MFI (Figure 6 ). This indicated that there was a high association between the and MFI. On the other hand, the PCI% was found to have contradicting trends to that observed in the and MFI (Figure 7 ). This relationship can be confirmed by the negative correlation between the PCI from one side and the , and MFI on the other side. The differences in the and MFI between 1960s and 1990s showed similar trend which increased in southeast and decreased toward the north and west (Figure 8 ). The PCI% difference between 1960s and 1990s showed an increase in the southeast and a decrease toward the northeast (Figure 8 ).
Conclusions
The rainfall erosivity in the Chinese Loess Plateau showed a decrease of 10% between 1960s and 1990s. This decrease can be attributed to the decrease in rainfall in the region. The decrease in rainfall erosivity covered the majority of the Loess Plateau areas which suggested a subsequent decrease in sediment generation. However, the decrease in rainfall in the Loess Plateau may also negatively affect the vegetation cover development in the area which may expose more land to soil erosion. The general spatial trend of the rainfall erosivity and annual rainfall was found increasing in the southeast and decreasing towards the north and northwest. This trend did not change significantly during the study period. The rainfall seasonality had a trend contradicting with the annual rainfall and erosivity trend, which increases in the north and northwest and decreases toward the southeast.
